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(54) Selection of DNA markers using adaptor molecules 



(57) A process for the selection of at least one part of a starting DNA which contains a plurality of restriction 
sites for at least two determined specific restriction endonuclease comprising: 

(a) cleaving the starting DNA with a frequent cutting restriction endonuclease and a rare cutting 
restriction endonuclease with degeneracy associated with the enzyme site to provide a series of restriction 
endonuclease fragments having a region of overhang; 

(b) ligation of the restriction endonuclease fragments to a specific adaptor molecule having a sequence 
of bases homologous to subsets of the region of overhand to form a tagged restriction endonuclease 
fragment; 

(c) separation of the resultant rare cutting tagged restriction endonuclease fragments. 
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PROCESS FOR GENERATING DNA MARKERS 

Field Qf invention 

This invention relates to a process for generating DNA 
markers for use in a number of fields including, but not 
limited to, plant breeding, DNA fingerprinting and most 
specifically to a method for detecting DNA Markers specific 
to the genomes of higher plants. 

Background of th e Invention 

EP 534 858 (Keygene NV) discloses a process for the 
controlled amplification of at least one part of a starting 
DNA containing a plurality of restriction sites for a 
determined specific restriction endonuclease, and of which 
at least part of its nucleic acid is unknown. The process 
comprises : 

(i) digesting the starting DNA with the specific 
restriction endonuclease or endonucleases , to fragment it 
into the corresponding series of restriction fragments; 

(ii) ligating the restriction fragments obtained from the 
starting DNA with at least one double-stranded synthetic 
oligonucleotide (adaptor) having one end which is" 
compatible to be ligated to one or both of the ends of the 
restriction fragments to thereby produce tagged restriction 
fragments of the starting DNA; 

(iii) contacting the tagged restriction fragments under 
hybridizing conditions with at least 1 oligonucleotide 
primer; 

(iv) amplifying the tagged restriction fragments hybridized 
with said primers by PCR or similar techniques; and 
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(v) identifying or recovering amplified or elongated DNA 
fragments as produced in step (iv) ; 

wherein the primer includes a constant nucleotide sequence 
5 which corresponds to the nucleotides involved in the 
formation of the site for the restriction endonuclease and 
including at least part of the nucleotides present in the 
ligated adaptors, and a variable nucleotide sequence, 
located at the 3* end, which comprises a determined number 
10 of nucleotides located immediately adjacent to the last of 
the nucleotides involved in the restriction site for the 
endonuclease. Therefore in the process disclosed in EP 534 
85 8 the restriction endonuclease has a constant nucleotide 
sequence . 

15 

The selection of tagged restriction fragments is determined 
by the number of nucleotides residing in the variable 
sequence part of the primer. The selectivity of the primer 
increases with the number of nucleotides in the variable 
20 (selected) sequence part. 

It has been reported that this technology works well with 
small genome sizes, however problems arise when the 
technique is used with larger genomes {for example wheat 
25 genome) . 

Selection in EP 534 858 is via the primer, as described 
above, however such selection may not be 100% precise and 
polymerisation may still occur from mis-matched sites 
30 causing a background amplification. Mis -matching becomes 

an important problem with large genomes. 

We have therefore developed an alternative process for the 
selection of at least one part of a starting DNA, which 
3 5 process has the advantage that it enables the level of mis- 

matching to be reduced. Furthermore, in this process the 
use of PCR amplification techniques are optional and 



therefore this new alternative process is greatly 
simplified. 

Disclosure of the Invention 

Accordingly the invention discloses a process for the 
selection of at least one part of a starting DNA which 
contains a plurality of restriction sites for at least two 
determined specific restriction endonuclease comprising; 

(a) cleaving the starting DNA with a frequent cutting 
restriction endonuclease and a rare cutting restriction 
endonuclease with degeneracy associated with the enzyme 
site to provide a series of restriction endonuclease 
fragments having a region of overhang; 

(b) ligation of the restriction endonuclease fragments to 
a specific adaptor molecule having a sequence of bases 
homologous to subsets of the region of overhang to form a 
tagged restriction endonuclease fragment; 

(c) separation of the resultant tagged restriction 
endonuclease fragments; 

In this specification the following terms are used; 

Restriction site - The nucleotide sequence recognised by 
the restriction endonuclease including the cleavage site. 
The cleavage site may be within the recognition site or 
remote from it. 

Recognition site - The nucleotide sequence recognised by 
the restriction endonuclease. 

Degeneracy - The presence of a variable nucleotide sequence 
located within the restriction site. 



Adaptor - short double-stranded DNA molecule with a limited 
number of base pairs (eg. 10-3 0 base pairs long) which are 
designed in such a way that they can be ligated to the 
sticky end (or overhang region) in the restriction 
endonuclease fragment. 

Rare-cutter - A restriction endonuclease whose specificity 
is determined by a sequence of >6 bases. 

Frequent -cutter restriction endonuclease - a restriction 
enzyme whose specificity is determined by a sequence of 4 
or 5 bases. 

The restriction enzymes chosen must provide staggered ends, 
in which one of the two strands extends beyond the other 
(commonly known as an overhang or sticky end) . Adaptors 
are used which have single strand extensions which are 
capable of annealing and ligating to the single strand 
extensions of the restriction fragments. 

Preferably the rare cutter enzyme used is Sfil. 

The process of the present invention exploits the use of 
rare- cutter restriction enzymes with degeneracy associated 
with the restriction site, to cleave DNA and physically 
select out a sufficiently small number of genomic fragments 
to resolve by standard separation techniques. For example 
Sfil recognises and cleaves the sequence: 

GG C CNNNN I NGGCC 
CCGGNflNNNNCCGG 

Assuming a GC content of 50%, then this enzyme will cleave 
DNA on average about every 64,000 bp. Thus for example, a 
genome of similar size to the tomato genome (7 x 10 s bp) 
will generate about 2 x 10 4 Sfil ends. Assuming a random 
distribution of bases in the degenerate region of the 
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enzyme site, then any one specific adaptor will anneal to 
one in 4 3 of these ends i.e. a total of about 300 ends in 
total. If this specific adaptor is part of an affinity 
system (e.g. biotinylated) then these 300 fragments can be 
5 separated from the rest. In fact this enzyme will cleave 

much less frequently than this given that the GC content 
will be less than 50% for most crop species. For a genome 
of 40% GC the expected number of fragments reduces by a 
factor of about 6 giving approximately 50 fragments in the 
10 above example. Double digestion with a frequent cutting 
enzyme (e.g. a 4-base recognition site) will result in 
fragments of length suitable for resolution on standard 
separation systems (e.g. polyacrylamide gel 
electrophoresis) . 

15 

Detection of DNA fragments could involve a number of 
procedures. For example the biotinylated adaptor could be 
pre-labelled with radioactive, fluorescent or chromogenic 
materials or could be so designed to include an internal 3 1 
20 end for polymerase extension and incorporation of detection 

substrates. Alternatively, a primer complementary to this 
adaptor could be annealed to the ligated selected molecules 
and these subject to linear amplification using DNA 
polymerase. The adaptor sequence could also be detected by 
hybrdisation with a labelled probe as in conventional RFLP 
analysis . 

Use of different frequent cutting enzymes in the double - 
digestion with Sfil will generate different fragment 
30 profiles for each genome. Comparison of profiles between 
genotypes (using the same enzyme combinations) will allow 
restriction fragment polymorphisms to be identified. These 
can then be used as genetic markers for trait linkage or 
genetic fingerprinting purposes. 

35 

Preferably the tagged restriction endonuclease fragments 
are separated from the non- tagged restriction endonuclease 



F3084 (C) 



25 



30 



35 



6 

fragments via affinity labelling. The specific adaptor is 
affinity labelled prior to it being ligated to the 
restriction endonuclease fragment. Suitable affinity 
systems include biotinylation. 

5 optionally the separated, tagged restriction endonuclease 
fragment may be contacted with at least one oligonucleotide 
primer under hybridizing conditions. The fragments 
hybridised with a primer can then be amplified by 
10 polymerase Chain Reaction (PCR) . Preferably the primers 
used are homologous to the adaptor and possibly extend 
further into a region of degeneracy within the restriction 
site . 

15 Typically, the adaptors used are composed of two synthetic 
oligonucleotides which are in part complementary to each 
other, and which are usually approximately 10 to 30 
nucleotides long, preferably 12 to 22 nucleotides long and 
which form double stranded structures when mixed together 

20 in solution. Using the enzyme ligase, the adaptors are 
ligated to the mixture of restriction fragments. When 
using a large molar excess of adaptors over restriction 
fragments one ensures that all restriction fragments will 
end up carrying adaptors at both ends. 



The process of the invention provides a means to permit 
the detection between source samples of polymorphisms 
caused both by length differences (resulting from 
deletions, additions, inversions) which have resulted in 
either loss or gain of a restriction site, or changes of 
the nucleotide sequence in either the recognition or 
cleavage site of an enzyme which recognises and cleaves 
such sites. The invention includes methods for detecting 
these polymorphisms, synthetic oligonucleotides for use in 
the methods of the invention, applications of the methods 
and procedures of the invention in a number of fields 
including plant breeding, and DNA fingerprinting. 
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Specifically, the methods described here provide an 
alternative means of identifying genomic restriction 
fragments which are either genetically linked to one or 
more particular traits, or which can provide a fingerprint 
5 of the genome under examination. 

The present invention is based on the definition of novel j 
specific methods to achieve selectivity of restriction^ 
fragments. These selected restriction fragments may 
10 optionally be subsequently amplified. 

In general, restriction endonuclease digests of genomic 
DNA, and in particular of plant genomic DNA, yields very- 
large numbers of restriction fragments, the exact number 

15 depending upon the size of the genome and the frequency of 
occurrence of the recognition site of the restriction 
endonuclease in the genome, which in turn is primarily 
determined by the number of nucleotides in the recognition 
sequence - a number typically ranging between 4 and 8 . 

20 Generally the number of restriction fragments produced is 

too large to enable identification of individual fragments 
fractionated by gel electrophoresis or other fractionation 
methods . 

25 We have used a novel method to limit the number of 
restriction fragments which may optionally be subsequently 
amplified. The basis for selection resides in the choice 
of restriction endonuclease used to digest the genomic DNA,! 
and in the design of adaptor oligonucleotide. The\ 

30 selective principle resides in the use of restriction \ 

endonucleases which have within their cleavage and I 
recognition sites a number of completely degenerate \ 
nucleotides. Selection is determined by the number of 
specific nucleotides in the terminal extensions of the 

3 5 adaptor. 

It is possible to estimate the degree of selectivity 
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obtainable by the selective adaptors using the general 
formula 4* where n equals the number selective bases 
present in the adaptor (assuming all nucleotides are 
represented equally within the degenerate region). Thus, 
5 when 1 selective base is used (the terminal base of the 
extension) , 1 out of every 16 fragments will be capable of 
annealing to and ligating with the (partially) specific 
adaptor. Using 2 selective bases (the terminal 2 bases of 
the adaptor extension) 1 out of every 256 fragments will be 

10 capable of annealing to and ligating with the adaptor; 

using 3 selective bases (the terminal 3 bases of the 
adaptor extension) 1 out of every 4096 fragments will be 
capable of annealing to and ligating with the adaptor; 
using 4 selective bases (the terminal 4 bases of the 

15 adaptor extension) l out of every 65,536 fragments will be 
capable of annealing to and ligating with the adaptor; and 
so on Other combinations with some completely selective 
and some partially selective (i.e. partially degenerate) 
bases give rise to different numbers of compatible ligation 

20 reactions. 

The products obtained in accordance with the invention can 
be identified using standard fractionation techniques known 
to those skilled in the art using, for example but not 
limited to, agarose or acrylamide gel electrophoresis. The 

25 invention permits the number of products obtained to be 

tuned in accordance with the resolution of the 
fractionation system being employed. Products may be 
visualised directly following staining of the molecules 
with appropriate agents. Alternatively, the primers or 

30 nucleotides present for the PGR amplification (if used) may 

be labelled with radioactivity or a fluorescent 
chromcphore, thus allowing identification of reaction 
products after size fractionation. 

35 in accordance with the invention, different sets of 

amplified products are obtained with the different sets of 
selective adaptors. The banding patterns identified 
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following fractionation constitute unique and reproducible 
fingerprints of the genomic DNA. Such fingerprints can 
have several uses such as, but not limited to, forensic 
typing, diagnostic identification of organisms, and the 
5 identification of species, varieties or individuals. The 

level of identification will be determined by the degrees 
of similarity and differences between the members of the 
group being studied. The underlying principle of the 
invention is that in each product two nucleotide sequences 

10 are detected (the target restriction site) which are 
separated from each other by a given distance. In related 
organisms, species, varieties, races or individuals these 
two sequences and the relative distances separating them 
will be conserved to a greater or lesser degree. Hence the 

15 fingerprints obtained constitute a basis for determining 

the degree of sequence relationships between genomes. The 
fingerprints can also be used to distinguish genomes from 
each other. 

20 Another particular application of the invention involves 

the screening and identification of restriction fragment 
length polymorphisms (RFLPs) . Changes in the nucleotide 
composition of genomic DNA can often result in 
polymorphisms of restriction fragments: insertions or 

25 deletions affect size of the fragments containing them; 

nucleotide changes can result in the elimination or 
creation of new endonuclease target recognition sites. 
Restriction fragment polymorphisms of this nature can be 
identified directly by comparing products from different 

3 0 genomes. 

RFLPs are particularly useful for monitoring the 
inheritance of agronomic traits in plant breeding, in that 
certain DNA polymorphisms which are closely linked with 
35 specific genetic traits can be used to monitor for the 

presence or absence of the said trait. 
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The present invention provides a general method for 
isolating DNA markers from any genome and for using such 
DNA markers in all possible applications of DNA 
fingerprinting . 
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l. A process for the selection of at least one part of a 
starting DNA which contains a plurality of restriction 
sites for at least two determined specific restriction 
endonuclease comprising: 

(a) cleaving the starting DNA with a frequent cutting 
restriction endonuclease and a rare cutting restriction 
endonuclease with degeneracy associated with the enzyme 
site to provide a series of restriction endonuclease 
fragments having a region of overhang; 

(b) ligation of the restriction endonuclease fragments to 
a specific adaptor molecule having a sequence of bases 
homologous to subsets of the region of overhang to form a 
tagged restriction endonuclease fragment; 

(c) separation of the resultant rare cutting tagged 
restriction endonuclease fragments; 

2 . A process according to claim 1 wherein the adaptor is 
affinity labelled and the subset of restriction 
endonuclease fragments which have the adaptor ligated to 
them are thus separated. 

3 . A process according to claim 1 or 2 wherein the rare 
cutting restriction endonuclease is Sfil. 

4. A process according to any preceding claim wherein the 
tagged restriction endonuclease is contacted with at least 
one oligonucleotide primer under hybridizing conditions; 
the fragments hybridised with a primer are then amplified 
by Polyerase Chain Reaction (PCR) . 
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